The preliminary structural characterization of a reversible ferrous dioxygen complex is reported. Mono(N-methyl imidazole) (dioxygen) meso-tetra (aa,a,ao-pivalamidephenyl) porphinatoiron(II), [Fe(02) 
The reversible binding of molecular oxygen to the hemeproteins, hemoglobin (Hb) and myoglobin (Mb) has long captivated the interests of scientists. Although many details of the structure and function of hemeproteins are understood, definitive information on the nature of the iron dioxygen linkage has proved elusive and the source of long-standing controversy (1-3).
Before any synthetic mononuclear dioxygen complexes had been structurally characterized, Pauling (1) proposed an an-/0 gular "end on" Fe-O geometry for the oxygenated hemes. Subsequently Griffith (2) suggested an alternative isosceles triangular or sideways, 7r-bonded, FeK I structure. Both of 0 these models account for the diamagnetism (4) exhibited by the oxygenated hemes. In the intervening years, two classes of mononuclear dioxygen complexes having the Pauling and Griffith structures have been characterized by x-ray diffraction (5) .
Compounds with the Griffith structure were derived from transition metal complexes having either formal d8 or d10 configurations and are uniformly diamagnetic. The 0-0 distances in these complexes span a range of values (1.3-1.6 A) all greater than the 0-0 separation in molecular oxygen, 1.21 A, and more comparable with superoxide, 1.28 A, or peroxide, 1.49 A. Members of this class of triangular dioxygen complexes differ from the natural ferrous heme oxygen carriers in that they are not derived from a d6 ion nor do they possess a planar macrocyclic ligand resembling a porphyrin. All have formal coordination numbers of four or six, whereas the Griffith model for myoglobin would be seven coordinate (four porphyrin nitrogens, the axial base, and two equidistant oxygen atoms). The sideways Griffith structure would be difficult to accommodate because of repulsive interactions that should arise between the oxygen atoms and electrons of the porphyrin ring with iron in the porphyrin plane (6) .
Compounds with the Pauling structure, derived from d7 cobalt(II), have very recently been structurally characterized. In the three cases studied thus far, Co(bzacen)(py) (02) (7), -1, Co(salen-C2H4-py)(O2) (8), 2 (12) support the notion of structural similarities between 1, 2, or 3 and oxymyoglobin.
We also believe that the bent nitrosyl moiety Co-N/, being isoelectronic with FeO2, and structurally characterized in a number of formally octahedral Co(III)NO-complexes (13) presents a reasonable structural model for oxymyoglobin. This subject has recently been discussed at length (14) .
In this report we outline preliminary structural characterization of a reversible ferrous dioxygen carrying complex which has a similar M6ssbauer spectrum to oxyhemoglobin and otherwise closely resembles biologically important hemeprotein molecules. This is the first determination of the geometry of 1:1 coordinated dioxygen in an Fe(II) model compound. The crystalline dioxygen complex 4 was synthesized from a specifically designed iron(II) porphyrin without the agency of a protein. Using the atropisomerism of meso-tetra-(ortho-substituted phenyl)phorphyrins, we have prepared a ferrous porphyrin complex having on one side a hydrocarbon cavity to shield coordinated dioxygen and leaving the other side unencumbered for coordination with an axial N-methylimidazole. The strategies behind protecting the iron(JI) dioxygen complex from irreversible bimolecular oxidation to iron(JJJ) as well as the synthetic procedures and physical properties of this dioxygen complex have been described elsewhere (15) .
Crystals of the dioxygen complex, mono(N-methyl imid-
4, reported in our earlier communication, were too small to provide good x-ray intensity data. However, the same preparation, using toluene as solvent, yielded large crystals of Fe-(02)(N-Me-imid) (a,a,a,a-TpivPP). [Analysis (16, 17) high isotropic temperature factors for the terminal methyl groups which would be expected to adjust their positions according to which position 02 occupied in one particular molecule. These alternative positions for 02 in separate molecules may account for the unusual temperature dependence for the quadrupole splitting which is a characteristic feature in the M6ssbauer spectrum of both oxyhemoglobin and this synthetic analogue (19) .
Solvate molecules are included in current calculations as imidazole molecules occupying 50% of their equivalent lattice positions as indicated by electron density difference syntheses and the geometry of refined atomic coordinates. Hoard has encountered similar solvate problems in a porphyrin complex (17) As illustrated in Figs. 1 and 2 , complex 4 has the structure previously proposed with four pivalamido groups on one side of the porphyrin plane forming a pocket for coordination of dioxygen which is coordinated in the "end on" model predicted by Pauling and indicated from studies of electron density maps of myoglobin in derivatives by Watson and Nobbs (20) .
Only two of the four positions which the terminal oxygen atom 02 can occupy are crystallographically independent. For both positions of the dioxygen molecule, the FeO2 plane bisects iron nitrogen bond angles of the iron porphyrin group in the same manner as that observed for monomeric cobalt dioxygen complexes (7, 8a, 8b) . This orientation of the dlioxygen molecule appears to facilitate metal (dTr)-O2(r*)1r-bonding (7, 24) . As the orientation of the base (N-methyl imidazole) plane trans to FeO2 may influence the metal-dioxygen binding (7, 24) , differences in the electronic structure of the two FeO2 groups might be expected. However, at this stage of the refinement there are no significant differences in interatomic Calculations we have made from published coordinates for myoglobin (25) produce a view of the histidine plane that closely resembles that of the N-methyl imidazole group in Fig. 2 . Also it may be significant to note that electron spin resonance studies of oxycobaltmyoglobin have revealed the presence of two (electronically) slightly different CoO2 groups (26) . These similarities with myoglobin together with MWssbauer results indicate the closeness with which the structure reported here models the natural systems.
The amide oxygen atoms are coplanar with the aromatic rings, facilitating conjugation. They are turned outward from the dioxygen filled cavity and the amide N-H groups are turned into the cavity. The depth of the cavity, from terminal methyl groups to the porphine plane, is about 5.4 A. Thus the "picket fence" composed of the four pivalamido groups forms a hydrophobic pocket enclosing coordinated dioxygen and inhibiting intermolecular interaction.
